The energy spectrum of electrons inelastically scattered a t 20' lab from deuterium has been measured for an incident electron energy of 1578 MeV. The virtual photon cross section has two peaks at mass values corresponding to the A(1236) and N1(1525) resonances. No peak was observed in the mass region of the N'(1470) Roper resonance. The upper limit for the contribution of the Roper resonance to the virtual photon cross section is estimated to be 120 pb.
I. INTRODUCTION
for the electro~roduction of this resonance suggests a A RESONANCE with the same quantum numbers as the nucleon, (I,Jp)= (+,if) , and a mass of approximately 1470 MeV, has been predicted in pionnucleon phase-shift analyses by Roper et al,' and by other^.^^^ A peak a t the appropriate mass value has been observed in small-angle p-p and n-p inelastic scattering a t several energie~."~ The total photonproton cross section does not exhibit an obvious bump in the vicinity of 1470 MeV; the presence of the resonance must be inferred from a complicated analysis of the photoproduction angular distribution. Two recent analyses have predicted small Roper resonance contributions?JO Similarly, no obvious peak has been observed a t the appropriate mass value in the energy spectrum of electrons scattered inelastically from protons a t four-momentum transfers between 0.1 and 4 (B~V/C)~."-'~ One model (relativistic N/D model14) --large excitation at high four-momentum transfers; other models suggest small effects.14 The above experiments have investigated scattering from protons. The aim of the experiment reported here was to determine whether the electroproduction of the Roper resonance from neutrons was s~c i e n t l y large to produce a clear peak in the energy spectrum of electrons inelastically scattered from deuterium a t a four-momentum transfer near 0.1 ( B~V / C )~. For comparison purposes, a limited amount of less precise data was obtained with the target filled with hydrogen.
The reaction was studied a t a low four-momentum transfer since the hadron scattering experiments noted above have indicated that the A(1236) and N'(1470) resonance cross sections decrease more rapidly with four-momentum transfer than those of the higher pionnucleon resonances. The application of static threshold relations to the electroproduction of nucleon resonances" also indicates that the relative contribution of the Roper resonance may be larger at small fourmomentum transfers.
Several alternative SU (3) classifications of the Roper resonance have been suggested, but the existing evidence appears to favor the assignment of the resonance to the {ib).'j LipkinlG has observed that if the resonance is a member of the {io), then its photoproduction from a proton is forbidden by U-spin conservation, whereas photoproduction from a neutron is allowed, l.e., y+p -+ N+(+,++), (forbidden)
Similarly, Lipkin noted that decay selection rules N. F. Ramsey, J. K. Walker, and Richard Wilson, Phys. Rev. 156, 1490 Rev. 156, (1967 electron energy. The dashed line is the radiative correction applied to the deuterium clata.
APPARATUS AND DATA REDUCTION
The apparatus, which is shown in Fig. 1 , has been described in detail by Goitein17 and by Budnitz et a1.18 Only the scattered electron was detected in this experiment. The apparatus comprised a half-quadrupole magnetic spectroineter at 20' to the incident beam, followed by a threshold gas Cerenlrov counter and a lead-Lucite shower counter. The momentum resolution of the spectrometer was approximately 2.070 (full width a t half-maximun~j. The electron solid angle was 0.8 msr. An external electron beam from the Cambridge electron accelerator, with an energy of 1578 MeV, was focussed to forni a 2-mm-dianl spot on a 5-cm-thick liquid deuterium (or hydrogen) target. The horizontal position of the electron beam after the target was monitored by a tuned rf cavity. A Faraday cup, whose stability mas monitored by a secondary emission monitor, measured the incident beam flux.
The data have been corrected for the effects of counter efficiencies, target-produced background, and electron radiation. The method used to make the radiative correction has been described by Mistrettalg and is similar to the procedure of B j~r l i e n .~~ The data were normalized to a concurrent n~eas~irement of the elastic electro-proton cross section a t the same incident energy and scattering angle. The over-all normalization error is estimated to be 5%. Figure 2 shows the doubly differential cross sections d2u/dE'dQ for hydrogen and deuterium as a function of the final electron energy. The dashed curve is the radiative correction applied to the deuterium data. In the deuterium measurements, peaks are observed for both A(1236) and Jf(1525) resonances at the appropriate final electron energy, while the less extensive hydrogen data indicate the presence of a peak a t 1525 h2eV. The 117'(1470) is not strongly excited from either hydrogen or deuterium. The deuterium-tohydrogen cross-section ratio is approximately 1.7 over the region studied. E and E' are the incident and scattered electron energies, respectively, e is the electron scattering angle, q2 is the invariant square of the four-momentum transfer, and qo= (E-El) . K is the equivalent photon energy, (W2-M2)/2M, where W is the pion-nucleon c.m. energy and M is the proton mass. UT and uo are the transverse and longitudinal parts of the virtual photon cross section. r~ is the number of transverse virtual photons per unit energy and angle of the scattered electron, and is the transverse polarization of the virtual photon. Figure 3 and Table I present the virtual photon cross section of deuterium as a function of W. The tail of the quasi-elastic peak has been subtracted from the five cross-section values with ?V<1.12 BeV. For the remainder of the data, its effect was negligible. To obtain an upper limit for the contribution of the Roper resonance, the deuterium data were fitted, using the sum of three nonrelativistic Breit-Wigner curves plus 
RESULTS AND DISCUSSION
a straight-line background. The masses and widths of the A(1236) and Nf(1525) were constrained to known values. The Roper resonance was assumed to have a width of 210 MeV and several fits were attempted with the mass varying from 1370 to 1500 MeV, since the precise peak position expected in electroproduction is uncertain. The experimental deuterium quasi-elastic peak was folded into the Breit-Wigner shapes to approximate the broadening of the resonances due to the nucleon motion in the deuteron and the experimental energy resolution. Curve (e) in Fig. 3 is the best fit; curves (a)-(c) are the contributions of the individual resonances and (d) is an estimate of the background. Figure 4(a) shows the X2 value of the fits and Fig. 4(b) the peak value of the Roper resonance contribution as a function of the mass assumed for the resonance. The errors shown in the figure are purely statistical. X2 has a broad minimum at the appropriate mass and there is a large region over which the fitted value of the Roper resonance contribution remains approximately constant at 60 pb. However, the dominant errors in the estimation of the Roper resonance contribution are clearly not statistical, but are due to uncertainties in the detailed behavior of the tails of the other resonances and the background. We estimate that the uncertainty in these factors is of the same order as the fitted Roper resonance contribution. Therefore, our upper limit for the contribution of the Roper resonance to the virtual photon cross section of deuterium is 120 pb at W=1430 MeV, q2 = 0.16 ( B~V / C )~, E = 0.80. The photoproduction analysis of Ref. 9 predicts a Roper resonance contribution at W=1350 MeV of approxinlately 12% of the cross section at the A(1236) peak. Extrapolating this result to FV= 1470 MeV, assuming a Breit-Wigner shape for the Roper resonance, the predicted contribution at the resonance peak is approximately 50y0 larger than the experimental upper limit.
Although the hydrogen cross-section values measured in the present work are of limited precision, some useful comparisons can be made with previous data. Since the deuterium-to-hydrogen cross-section ratio is observed to be practically independent of W in this energy region, an estimate of the virtual photon cross section of hydrogen can be obtained by scaling the best fit to the deuterium data by the measured cross-section ratio.
At W=1236 MeV, this method predicts a virtual photoncross section of 5 2 0 f 41 pb for q2=0.22 ( B~V / C )~, ~= 0 . 9 . Lynch et a1.12 have obtained o,=444&13 pb, ao=88f 23 ,ub at q2=0.2 ( B~V / G )~, implying, from Eq. (I), a virtual photon cross section of 520=t24 pb at E = 0.9, in excellent agreement with the present estimate.
Similarly, at W= 1525 MeV, the virtual photon cross section of hydrogen is estimated to be 1 8 4 f 20 pb. Figure 5 shows that this result is in good agreement with electroproduction results at higher four-momentum transfers."-l3 For the purposes of this comparison, the nucleon isovector form factor G,wv(q2) has been 
